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(54) Method for determining cholestrol and sensor applicable to the same 



(57) The present disclosure relates to a method 

for determining cholesterol in low density lipoprotein 
comprising the steps of (a) measuring total cholesterol 
level in a sample containing at least high density 
lipoprotein, low density lipoprotein, very low density 
lipoprotein and chylomicron, and (b) measuring 

cholesterol levels in the high density lipoprotein, 
very low density lipoprotein and chylomicron In the 
sample, wherein the cholesterol level in the low 
density lipoprotein is determined by subtracting a 
value obtained in the step (b) from a value obtained In 
the step (a). The present invention enables concurrent 
determination of cholesterol level in low density 
lipoprotein and total cholesterol level, facilitating 
acquisition of two types of biological information at a 
time . 
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BACKGROUND OF THE INVENTION 

^ [0001] The present invention relates to a method for determining cholesterol in low density lipoprotein in a 

sample such as blood, serum and plasma. 

[0002] A conventional method for determining cholesterol in low density lipoprotein has been based on 
fractionation using ultracentrifugation. This method, however, has drawbacks of requiring a particular device and 
taking much time for measurement 

[0003] A general method for determining cholesterol without ultracentrifugation is a method which measures total 
10 cholesterol level in a sample, cholesterol levels in high density lipoprotein, and triglyceride level individually 
to calculate cholesterol level in low density lipoprotein using known Friedewald equation. However, this method also 
has a problem of poor reliability in terms of reproducibility and accuracy if the sample contains much triglyceride. 

[0004] Recently, a further method for determining cholesterol in low density lipoprotein without requiring a 
triglyceride value has been proposed in Japanese Laid-Open Patent Publication No. Hei 10-38888; the method 
comprises step (a) and step (b) wherein the step (a) extinguishes cholesterol contained in high density lipoprotein, 
very low density lipoprotein and chylomicron of a sample and the step (b) determines cholesterol level in low 
density lipoprotein. However, since this method determines cholesterol level from the intensity of coloring of a dye, 
when blood is the sample, the procedure of extinguishing cholesterol is susceptible to an effect of blood 
concentration (=hematocrit value) because the original sample is already colored. This method has another drawback 
of laborious procedure due to requirement of individual reagents for the step (a) and step (b), and addition of each 
2 q reagent to a sample at different time. 

[0005] An object of the present invention is to provide a method for determining cholesterol in low density 
lipoprotein only by a single introduction of a sample, from which the above-mentioned drawbacks and disadvantages 
inherent to the conventional method for determining cholesterol based on the intensity of coloring of a dye, that is, 
susceptibility to the effect of blood concentration and laborious procedure is excluded. 

25 BRIEF SUMMARY OF THE INVENTION 
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[0006] The present invention for solving the above-mentioned problems relates to a method for determining or 
quatitating cholesterol in low density lipoprotein comprising the steps of (a) measuring total cholesterol level in 
a sample containing at least high density lipoprotein, low density lipoprotein, very low density lipoprotein and 
chylomicron, and (b) measuring cholesterol levels In the high density lipoprotein, very low density lipoprotein and 
chylomicron in the sample, wherein a cholesterol level in the low density lipoprotein is determined by subtracting a 
value obtained In the step (b) from a value obtained in the step (a). 

[0007] In a preferred mode of the present invention, the step (a) and the step (b) are performed at the same time. 
[0008] In another preferred mode of the present invention, in at least one of the step (a) and the step (b), 
cholesterol is reacted with a cholesterol specific enzyme and an electron mediator, and then electrochemically 
oxidizes a resulting reduced electron mediator to determine cholesterol level based on an oxidation current value as 
obtained, 

[0009] In still another preferred mode of the present Invention, the step (b) may also include a procedure to 
precipitate the low density lipoprotein. It is particularly desirable to precipitate the low density lipoprotein 

with the use of an antibody against the low density lipoprotein, heparin hydroxide, acylated heparin hydroxide, 
glucosaminoglycan sulfate, polysaccharide sulfate, lectin, or polyanion/dlvalent cation. 

[0010] The polyanion/divalent cation is preferably polyanethole sulfonate/divalent cation, 

phosphotungstate/magneslum ion, or dextran sulfate/magnesium ion. 

[0011] In a further preferred mode of the present invention, the step (b) may include a procedure to adsorb the 
low density lipoprotein onto a carrier containing a functional group that adsorb the low density lipoprotein. As the 
functional group, there may be exemplified carboxyl group, a silanol group, a phosphonic acid group and/or sulfonic 
acid group. 

[0012] In a still further preferred mode of the present invention, the step (b) determines cholesterol level in 
the presence of N-(2-hydroxy-3-sulfopropyl)-3,5-dimethoxyaniline, a magnesium ion, a polyalkyl oxide derivative 
having an HLB value between 13 and 15, and a pH buffer. 

[0013] The present invention also relates to a sensor applicable to the above-mentioned method for determining 

cholesterol, the sensor comprising a sample supply unit composed of a sample holder, two reaction wells, and two 

channels connecting the sample holder with each of the two reaction wells, wherein a connecting position of both of 
the two channels with the sample holder Is at the same height or level in order that excess overflowing sample from 
the sample holder can outpour into the two channels at the same time. 

[0014] The present invention enables concurrent determination of total cholesterol level in a sample and 

cholesterol levels in high density lipoprotein, very low density lipoprotein and chylomicron in the sample, as well 

as determination of cholesterol level in low density lipoprotein, by a single introduction of the sample. 

[0015] While the novel features of the Invention are set forth particularly In the appended claims, the 
Invention, both as to organization and content, will be better understood and appreciated, along with other objects 
and features thereof, from the following detailed description taken in conjunction with the drawings. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

[0016] 

^ FIG. 1 is an exploded perspective view of one example of a sensor applicable to the method for determining 

cholesterol in accordance with the present invention. 

FIG. 2 is a cross-sectional view of a sample supply unit taken on an X-X’ line of FIG. 1. 

FIG. 3 is a schematic cross-sectional view illustrating reaction wells of one embodiment of the sensor in 
accordance with the present invention. 

FIG. 4 is a schematic cross-sectional view of reaction wells of another embodiment of the sensor in accordance 
with the present Invention. 

15 FIG. 5 is a schematic cross-sectional view of reaction wells of still another embodiment of the sensor in 

accordance with the present invention. 

FIG. 6 is a schematic cross-sectional view of reaction wells of still another embodiment of the sensor in 
accordance with the present invention. 

20 FIG. 7 is a flow chart for explaining a reaction principle in determination of cholesterol concentration. 
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[0017] As discussed above, the present invention comprises the steps of (a) measuring total cholesterol level in 
a sample containing high density lipoprotein, low density lipoprotein, very low density lipoprotein and chylomicron, 
and (b) measuring cholesterol levels in the high density lipoprotein, very low density lipoprotein and chylomicron 
in the sample, wherein a cholesterol level in the low density lipoprotein is determined by subtracting a value 
obtained in the step (b) from a value obtained in the step (a). 

[0018] First, the step (a) will be described. 

[0019] The step (a) in accordance with the present invention measures total cholesterol level in a sample. The 
sample referred to in the present invention does encompass those containing high density lipoprotein, low density 
lipoprotein, very low density lipoprotein, and chylomicron, more specifically blood, serum and plasma, for example. 
Particularly, since the present invention does not measure absorbancy, cholesterol level in low density lipoprotein 
can be determined even when the sample is blood, or turbid serum or plasma. 

[0020] Determination of total cholesterol level in the step (a) may be carried out according to a conventionally 
known method; however, since the present invention enables accurate measurement of cholesterol even in a 
colored sample such as blood, the use of, for example, a method which reacts cholesterol with a cholesterol specific 
enzyme in the presence of an electron mediator to reduce the electron mediator by enzyme reaction and then 
electrochemically oxidizes the reduced electron mediator to obtain an oxidation current value to determine 
cholesterol level is preferred. 

[0021] As the enzyme, electron mediator and electrochemical oxidation method to be applied here, conventionally 
known ones may be employed. 

[0022] Next, the step (b) will be described. 

[0023] The step (b) measures cholesterol levels in only high density lipoprotein, very low density lipoprotein 
and chylomicron in the sample. In other words, of the high density lipoprotein, low density lipoprotein, very low 
density lipoprotein and chylomicron in the sample, cholesterol contained in only the high density lipoprotein, very 
low density lipoprotein and chylomicron, excluding the low density lipoprotein, is selectively determined. 

[0024] Here, the step (b) In accordance with the present Invention can be performed by a step (b-1) where 

cholesterol levels in high density lipoprotein, very low density lipoprotein and chylomicron are determined after 
removing low density lipoprotein in the sample, or, otherwise, a step (b-2) where cholesterol levels in only high 
density lipoprotein, very low density lipoprotein and chylomicron are determined without removing low 
density lipoprotein in the sample. 

[0025] First, the step (b-1) will be described. 

[0026] The step (b-1) may be exemplified as a step of precipitating low density lipoprotein or a step of 
adsorbing low density lipoprotein onto an adsorbent. 

[0027] In the step of precipitating low density lipoprotein, the low density lipoprotein may be precipitated 
with the use of an antibody against the low density lipoprotein, heparin hydroxide, acylated heparin hydroxide, 
glucosaminoglycan sulfate, polysaccharide sulfate, lectin, or polyanlon/divalent cation, for example. Among them, 
the use of antibody against the low density lipoprotein Is desirable because of Its high specificity to low density 
lipoprotein. 
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[0028] Preferable polyanion/divalent cation is polyanethole sulfonate/divalent cation, 

phosphotungstate/magnesium ion, or dextran sulfate/magnesium ion. 

[0029] Next, in the step of adsorbing low density lipoprotein onto an adsorbent, the low density lipoprotein may 
be adsorbed onto a carrier containing a functional group that adsorb the low density lipoprotein. The carrier is 
preferably non-water soluble. As the functional group, there are preferably carboxyl group, sulfonic acid group, a 
^ silanol group and phosphonic acid group because they are higher in adsorbing ability. These functional group is so- 
colled anion type. 

[0030] Among the carriers, the use of silica is desirable because it allows to vary a thickness of layer freely 
with ease. 

[0031] Also, as the carrier, there may be employed a filter such as paper filter or glass filter and a fiber 
10 such as one made of polysulfonic acid. 

[0032] In concrete, a non-water soluble carrier having a silicon resin, a polyacrylic acid, a polymethacrylic 
acid, a polyvinyl sulfonic acid, polymaleic acid, a polyfumaric acid or polyvinyl alcohol sulfate coated or combined 
on the surface may be used. When the polyvinyl alcohol sulfate is used, It may be combined to the non-water soluble 
carrier via glutardlaldehyde. 

[0033] Also, a polysulfonate fiber containing a polyacrylic acid may be preferably used. Such fiber may be 
obtained by copolymerizing a sulfonate and a acrylester sulfone when forming the polysulfonate fiber. As the 
polysulfonate fiber, Astrel available from 3M, Victrex available from ICI and Radel available from Amoco may be 
preferably used. 

[0034] The step (b-1) has an advantage that cholesterol level can be determined with an identical method to the 
step (a), because it removes low density lipoprotein. 

20 [0035] Next, the step (b-2) will be described. 

[0036] The step (b-2) measures only cholesterol levels in the high density lipoprotein, very low density 
lipoprotein and chylomicron without removing low density lipoprotein. 

[0037] This step requires chemical treatment of the sample in order to prevent only the low density lipoprotein 
from reacting with the enzyme. 

25 [0038] For example, it is preferable to measure cholesterol levels in the presence of N-(2-hydroxy-3-sulfopropyl) 

-3,5-dimethoxyaniline, a magnesium ion, a polyalkyl oxide derivative having an HLB value between 13 and 15 
exemplified as polyoxyethylene phenyl ether, and a pH buffer, because maximal reactivity of the enzyme with the high 
density lipoprotein, very low density lipoprotein and chylomicron can be obtained on one hand and minimal reactivity 
of the enzyme with the low density lipoprotein on the other hand. 

[0039] Here, the HLB value is a variable parameter depending on the nature of hydrophilic group and hydrophobic 
30 group of a surfactant and their ratio; the greater the HLB value, the greater the hydrophilicity. Particularly, the 
polyalkyl oxide derivative having an HLB value between 13 and 15 is known to destroy a structure of lipoprotein of 
the high density lipoprotein, very low density lipoprotein and chylomicron and renders cholesterol and cholesterol 
ester which are constituents of lipoprotein soluble (see Okada et al., J. Lab. Clin. Med. (1 998) 1 32, 1 95). 

[0040] In the present invention, it is also desirable to perform the step (a) and the step (b) concurrently, 
because this proceeds the step (a) and the step (b) at the same time by a single Introduction of the sample, thus 
producing an effect of eliminating a need to supply reagents subsequently. 

[0041] If this is the case, as mentioned before, it is preferred that at measurement of cholesterol level, at 
least one of the step (a) and the step (b), preferably the both steps react cholesterol with the cholesterol 
specific enzyme and the electron mediator, and then electrochemically oxidize the resulting reduced electron 
mediator to determine the cholesterol level based on an oxidation current value as obtained. 

40 [0042] Now, a principle of reaction In determining cholesterol will be described referring to FIG. 7. 

[0043] Most cholesterol is present in the lipoprotein of the sample in the form of cholesterol ester in which 
fatty acid and ester are bonded to each other. Therefore, cholesterol ester 11 is first deesterified into 
cholesterol 12 using cholesterol esterase 14 (process 1). 

[0044] Subsequently, the cholesterol 12 is oxidized using an oxidoreductase 15 (process II). This oxidation 
reaction accompanies reduction of an electron mediator 16 at the same time (process III). 

[0045] Then, a voltage is applied between a working electrode 18 and a counter electrode 19 to oxidize a 
resulting reduced form electron mediator 17 on the working electrode 18 (process IV). A current flowing in the 
process IV Is then to be measured. A current value at that time depends on a concentration of electron mediator 
(reduced form) and a concentration of a reduced form electron mediator depends on a concentration of cholesterol. 
Therefore, the cholesterol level can be obtained by simple measurement of a current flowing between the working 
50 electrode 18 and the counter electrode 19. Although a solid enzyme layer is used here, a liquid enzyme layer may 
also be used. 

[0046] Next, the present invention also relates to a sensor for performing the quantitative method as explained 
above based on the above principle. The sensor in accordance with the present invention relates to a sensor 
comprising a sample supply unit composed of a sample holder, two reaction wells, and two channels connecting the 
sample holder with each of the two reaction wells, wherein a position of both of the two channels connecting with 
the sample holder is at the same height in order that excess overflowing sample from the sample holder can flow out 
into the two channels at the same time. 

[0047] In the following, the present invention will be described by way of concrete embodiments of the sensor 
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applied to the above-mentioned method for determining cholesterol referring to the drawings, in order to facilitate 
understanding of the present invention. 

Embodiment 1 

5 [0048] FIG. 1 shows an exploded perspective view of one example of a sensor applicable to the method for 

determining cholesterol in accordance with the present invention. 

[0049] The sensor applying the determining method comprises a sample supply unit composed of a sample holder, 
two reaction wells, and two channels connecting the sample holder with each of the two reaction wells, wherein a 
connecting position of both of the two channels with the sample holder is at the same height. This structure enables 
concurrent outpouring of excess overflowing sample from the sample holder into the two channels. 

[0050] In FIG. 1, a sensor 1 comprises a cover 2 and a base plate 3. The cover 2 has two reaction wells 4 and a 
sample holder 5 , wherein the sample holder 5 is connected to each of the two reaction wells 4 via channels 6. The 
reaction wells 4 are penetrating the cover 2 and can function as vessels when the cover 2 is bonded to the base 
plate 3. The sample holder 5 does not pass through the cover 2, which configuration enables arrival of a sample at 
the reaction wells 4 after passing through the channels 6 upon supply of a sufficient amount of sample to the sample 
15 holder. 

[0051] The present Invention does not limit a material for the cover 2 and the base plate 3 to a particular one 
and any material having sufficient rigidity and electrical insulation may be used. Examples of preferred applicable 
materials include thermoplastic resins such as polyethylene, polystyrene, polyvinyl chloride, polyamide and 
saturated polyester resin, and thermosetting resins such as urea resin, melamine resin, phenolic resin, epoxy resin 
and unsaturated polyester resin. Of them, polyethylene terephthalate which has excellent adhesiveness to a below- 
described electrode material is used preferably. 

[0052] The base plate 3 is formed thereon with electrodes 7. The present invention does not also limit a method 
for forming the electrode to a particular one and the electrode may be formed by, for example, screen printing a 
carbon paste on the base plate or, otherwise, vapor-depositing or sputtering palladium on the base plate. 

[0053] FIG. 2 shows a cross-sectional view of a sample supply unit taken on an X-X' line of FIG. 1 which 
25 connects the cover 2, the reaction wells 4 and the sample holder 5 . The sample supply unit comprises the sample 
holder 5 , the two reaction wells 4 and the two channels 6 connecting the sample holder 5 with each of the two 
reaction wells 4. Since a position of both of the two channels 6 connecting with the sample holder 5 is at the same 
height, excess overflowing sample from the sample holder 5 can outpour into the two channels 6 at the same time. 
[0054] As shown in FIG. 2, the sensor in accordance with the present invention has a design that the electrodes 
7 can be located inside each of the reaction wells 7 when the cover 2 is placed over the base plate 3. One reaction 
well is provided with a pair of electrodes. 

[0055] One of the electrodes is used as a working electrode and the other as a counter electrode. 

[0056] One of the reaction wells contains a reagent for measurement of total cholesterol level (not shown) and 
the other another reagent for measurement of cholesterol levels in high density lipoprotein, very low density 
lipoprotein and chylomicron (not shown). The reagents may be liquid or solid. 

35 [0057] In the present embodiment, although the reaction well for measurement of total cholesterol level and the 

reaction well for measurement of cholesterol levels in high density lipoprotein, very low density lipoprotein and 
chylomicron are disposed inside the same cover but they may be disposed Individually inside a different cover. 

[0058] As mentioned before, the total cholesterol is determined simultaneously with the cholesterol In high 
density lipoprotein, very low density lipoprotein and chylomicron but the former may be determined at different 
timing from the latter. 

[0059] Although there Is a hypothesis that cholesterol level in low density lipoprotein is more significant than 
total cholesterol level (Masahiko Okada, Jap. J. Clin. Lab. Automation (1998) 3, 177), periodic measurement of total 
cholesterol level is desired if a reductase inhibitor hMG-CoA which is a drug that lowers cholesterol level is 
prescribed to. Embodiment 1 of the present invention has an advantage that since it allows concurrent quantitation 
of the total cholesterol with the cholesterol in low density lipoprotein, two different kinds of useful information 
45 can be obtained at a time. 

Embodiment 2 

[0060] FIG. 3 shows a schematic cross-sectional view illustrating reaction wells of one embodiment of a sensor 
in accordance with the present invention. 

50 [0061] For those reaction wells, the pair of electrodes 7 are formed on the base plate 3. One electrode can be 

used as a working electrode and the other as a counter electrode. An enzyme layer 10 is formed on the pair of 
electrodes 7 by drying an aqueous solution of enzymes. 

[0062] The enzyme layer 10 contains at least cholesterol esterase, an oxidoreductase and an electron mediator. 
Conventionally known ones may be used for those components; exemplary oxidoreductases include cholesterol 
oxidase, etc. and exemplary electron mediators include parabenzoquinone, potassium ferricyanide, etc, 

[0063] The enzyme layer 10 may optionally contain a surfactant in order to facilitate dissolution of lipoprotein 
cholesterol. When blood is the sample, then it may be exposed to the enzyme layer 10 from above. 

[0064] Embodiment 2 of the present invention has an advantage that it enables determination of cholesterol in a 
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colored sample such as blood with no interference of the sample. 

Embodiment 3 

[0065] FIG. 4 shows a schematic cross-sectional view of reaction wells of another embodiment of a sensor in 
accordance with the present invention. 

[0066] Each of the reaction wells is provided with a pair of electrodes and a base plate for measuring 
cholesterol levels in high density lipoprotein, very low density lipoprotein and chylomicron in a sample. 

[0067] A pair of electrodes 7 are formed on the base plate 3 and an aqueous solution of enzymes is dried thereon 
to form the enzyme layer 10 above which a filter 22 Is then disposed. 

[0068] A preferred filter has a pore size between 0.05 and 0.5 pm, and desirable filter materials Include glass, 
paper filter, etc. 

[0069] A layer of a precipitating agent 21 is formed above the filter 22. Exemplary precipitating agents used 
here may include an antibody against the low density lipoprotein, heparin hydroxide, acylated heparin hydroxide, 
glucosaminoglycan sulfate, polysaccharide sulfate, lectin, and polyanion/divalent cation. Furthermore, preferred 
examples of the polyanion/divalent cation are polyanethole sulfonate/divalent cation, phosphotungstate/magnesium ion, 
and dextran sulfate/magnesium ion. 

[0070] When blood or the like is sample, if the sample is exposed to the layer of the precipitating agent 21 
from above, then the low density lipoprotein in the sample is aggregated and precipitated. The low density 
lipoprotein thus precipitated Is filtered by the filter 22 located below the layer of the precipitating agent 21, 
which prevents arrival of the low density lipoprotein at the enzyme layer 10. 

[0071] The remaining sample which has passed through the filter 22 contains high density lipoprotein, very low 
density lipoprotein and chylomicron. Upon arrival of the sample which has passed the filter 22 at the enzyme layer 
10, the reaction as described above referring to FIG. 7 proceeds and cholesterol in the high density lipoprotein, 
very low density lipoprotein and chylomicron can be quantitated. 

[0072] In this embodiment, although the enzyme layer is solid, it may be liquid. 

[0073] Embodiment 3 in accordance with the present invention has an advantage that a single supply of the 
sample from above the layer of the precipitating agent enables determination of cholesterol in low density lipoprotein. 

Embodiment 4 

[0074] FIG. 5 shows a schematic cross-sectional view of reaction wells of still another embodiment of a sensor 
in accordance with the present invention. 

[0075] Embodiment 4 differs from the above Embodiment 3 in that a layer of an adsorbent 23 is formed in place of 
the filter and the layer of the precipitating agent. 

[0076] As the adsorbent 23, the above-exemplified silica, polysulfonate fiber containing a polyacrylic acid, 
silanol group, polyanion group, and polyvinyl alcohol sulfate are preferred. As the polyanion group, the above- 
exemplified polycarboxyl group, polysulfone group, polyphosphonic group, and polyacrylic group are preferred. 

[0077] When blood or the like is sample, if the sample is first exposed to the layer of the adsorbent 23, the 
low density lipoprotein in the sample is adsorbed onto the adsorbent 23 from above, which prevents arrival of the 
low density lipoprotein at the enzyme layer 10. 

[0078] The remaining sample which has passed through the layer of the adsorbent 23 and contains high density 
lipoprotein, very low density lipoprotein and chylomicron arrives at the enzyme layer 10. As a result, the reaction 
as described above referring to FIG. 7 proceeds at the enzyme layer 10 and cholesterol in the high density 
lipoprotein, very low density lipoprotein and chylomicron can be quantitated. 

[0079] Embodiment 4 in accordance with the present invention has an advantage that a single supply of the 
sample from above the layer of the adsorbent enables quantitation of cholesterol in low density lipoprotein. 

Embodiment 5 

[0080] FIG. 6 shows a schematic cross-sectional view of reaction wells of still another embodiment of a sensor 
in accordance with the present invention. 

[0081] Embodiment 5 differs from the above Embodiment 4 in that a reagent layer 24 is formed in place of the 
layer of the adsorbent. 

[0082] The reagent layer 24 contains the above-exemplified N-(2-hydroxy-3-sulfopropyl)-3,5-dimethoxyaniline, 
magnesium ion, polyalkyl oxide derivative having an HLB value between 13 and 15, and pH buffer. 

[0083] Embodiment 5 in accordance with the present Invention has an advantage that a single supply of the 
sample from above the reagent layer enables determination of cholesterol in low density lipoprotein. 

[0084] As such, the present invention has an advantage that since cholesterol level in low density lipoprotein 
and total cholesterol level can be determined at the same time, two types of biological information can be obtained 
at a time; cholesterol level In low density lipoprotein plus total cholesterol level useful in diagnosing 
hypercholesterolemia, and total cholesterol level useful in determining the efficacy of prescribed drugs. 

[0085] The present invention also enables determination of cholesterol in low density lipoprotein by a single 
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supply of a sample by simultaneously performing the steps of (a) measuring total cholesterol level in a sample, and 
(b) measuring cholesterol levels in the high density lipoprotein, very low density lipoprotein, and chylomicron in 
the sample, and then subtracting a value obtained in the step (b) from a value obtained in the step (a). 

[0086] Although the present invention has been described in terms of the presently preferred embodiments, it is 
to be understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no 
doubt become apparent to those skilled In the art to which the present invention pertains, after having read the 
above disclosure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations 
and modifications as fall within the true spirit and scope of the invention. 

Claims 

1. A method for determining cholesterol in low density lipoprotein comprising the steps of: 

(a) measuring total cholesterol level in a sample containing at least high density lipoprotein, low density 
lipoprotein, very low density lipoprotein and chylomicron, and 

(b) measuring cholesterol levels in said high density lipoprotein, very low density lipoprotein and 
chylomicron in said sample, wherein 

a cholesterol level In said low density lipoprotein is determined by subtracting a value obtained in said 
step (b) from a value obtained in said step (a). 



2. The method for determining cholesterol in low density lipoprotein in accordance with claim 1, wherein said step 

(a) and said step (b) are performed concurrently. 

3. The method for determining cholesterol in low density lipoprotein in accordance with claim 1, wherein at least 
one of said step (a) and said step (b) reacts cholesterol with a cholesterol specific enzyme and an electron 
mediator, and then electrochemically oxidizes a resulting reduced electron mediator to determine cholesterol 
level based on an oxidation current value as obtained. 

4. The method for determining cholesterol In low density lipoprotein in accordance with claim 1, wherein said step 

(b) includes a procedure to precipitate low density lipoprotein. 

5. The method for determining cholesterol in low density lipoprotein in accordance with claim 4, wherein said low 
density lipoprotein is precipitated with the use of an antibody against the low density lipoprotein, heparin 
hydroxide, acylated heparin hydroxide, glucosaminoglycan sulfate, polysaccharide sulfate, lectin, or 
polyanlon/divalent cation. 

6. The method for determining cholesterol in low density lipoprotein in accordance with claim 5, wherein said 
polyanion/divalent cation Is polyanethole sulfonate/divalent cation, phosphotungstate/magnesium ion, or dextran 
sulfate/magnesium ion. 

7. The method for determining cholesterol in low density lipoprotein in accordance with claim 1, wherein said step 
(b) includes a procedure to adsorb low density lipoprotein. 

8. The method for determining cholesterol in low density lipoprotein in accordance with claim 7, wherein said low 
density lipoprotein is adsorbed onto a carrier containing a functional group that adsorbs the low density lipoprotein. 

9. The method for determining cholesterol in low density lipoprotein in accordance with claim 8, wherein said 
functional group is carboxyl group, a silanol group, a phosphonic acid group and/or a sulfonic acid group. 

10. The method for determining cholesterol in low density lipoprotein in accordance with claim 1, wherein said step 
(b) determines cholesterol level in the presence of N-(2-hydroxy-3-sulfopropyl)-3,5-dimethoxyanlline, a magnesium 
ion, a polyalkyl oxide derivative having an HLB value between 13 and 15, and a pH buffer. 

11. A sensor applicable to the method for determining cholesterol In accordance with claims 1, said sensor 
comprising a sample supply unit composed of a sample holder, two reaction wells, and two channels connecting 
said sample holder with each of said two reaction wells, wherein a position of both of said two channels 
connecting with said sample holder is at the same height in order that excess overflowing sample from said sample 
holder can outpour into said two channels at the same time. 
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